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ABSTRACT
Background: The duration of cardiopulmonary resuscitation (CPR) significantly affects long- 
term survival in patients with in-hospital cardiac arrests (IHCA). In this study, we questioned 
the long-term clinical benefits of extending CPR beyond twenty minutes for patients with in- 
hospital cardiac arrest. Additionally, we aimed to compare the outcomes of CPR at different 
locations of a large tertiary care community hospital.
Methods: This study was a retrospective chart review of 169 patients with IHCA recorded 
between 1 January 2016, and 31 December 2018, at a large volume tertiary care community 
hospital.
Results: Of the 169 patients suffering from cardiac arrest during hospitalization, 44.4% 
arrested in the intensive care unit (ICU) and 55.6% in a non-critical care setting. Return of 
spontaneous circulation (ROSC) was achieved in 60% of ICU and 70.2% of non-ICU patients. 
While only 20% of ICU patients survived the cardiac arrest, the overall survival for non-ICU 
patients was 31.9%. Despite the significant difference in percentage survival, survival differ
ence did not reach statistical significance (p = 0.082) due to the small sample size. Overall 
survival was 26.6%. An initial shockable rhythm was associated with improved survival 
compared to a non-shockable rhythm (41% vs. 22.5%, p = 0.022).

In patients who had cardiac arrest for less than 20 minutes, 60.9% of patients achieved 
ROSC, compared to 37.9% who arrested for more than 20 minutes. Survival to hospital 
discharge was significantly lower for patients who had cardiac arrest for more than 20 min
utes, compared to patients who were arrested for less than 20 minutes (3.1% vs. 41.3%, 
p = <0.0001). For patients who had a cardiac arrest for more than 30 minutes, ROSC was 
achieved in only 14.8% of patients. None of these patients survived to be discharged from the 
hospital (p = <0.0001).

The mean age for the patients in this study was 70 years. 52.6% of subjects were male, and 
47.4% were females. Older age was not related to shorter duration of CPR (Pearson correla
tion: 0.030, P = 0.69).
Conclusion: Survival was significantly lower when CPR was unsuccessful for twenty minutes, 
and there is no survival benefit of extending CRP for more than 30 minutes. Lowest survival 
after a cardiac arrest on the general medical floor, compared to telemetry and ICU, may be 
related to delay in recognizing cardiac arrest and barriers in implementing standardized 
advanced cardiac life support (ACLS) protocol.
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1. Introduction

The field of resuscitation has been evolving for more 
than two centuries [1]. Cardiopulmonary resuscita
tion (CPR) is an emergency lifesaving procedure per
formed when the heart stops beating; immediate CPR 
can double or triple the chances of survival after 
cardiac arrest. CPR is a high acuity event, and its 
adequate performance requires a multidisciplinary 
approach involving leadership skills and effective 
communication [2]. Although health care profes
sionals follow the preset Advanced Cardiac Life 
Support (ACLS) algorithms while doing CPR on hos
pitalized patients, determining when to stop resusci
tation efforts in cardiac arrest patients is difficult. 

Unfortunately, very little data exist to guide decision- 
making in this regard. Because of the nature of resus
citation research, few randomized controlled trials 
have been completed in humans [3,4].

Physician survey data and clinical practice guide
lines suggest that factors influencing the decision to 
stop resuscitative efforts include: duration of resusci
tation effort over 30 minutes without a sustained 
perusing rhythm, patient’s age and comorbidities, 
absence of brainstem reflexes and initial electrocar
diographic rhythm of asystole [5,6].

While the factors mentioned above and physician’ 
bias remain strong influencers guiding the termina
tion of resuscitation efforts, more objective endpoints 
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of resuscitation have been proposed, including end- 
tidal CO2 (EtCO2). EtCO2 values are a function of 
CO2 production and venous return to the right heart 
and pulmonary circulation. A very low EtCO2 

(<10 mmHg) following prolonged resuscitation 
(>20 minutes) is a sign of absent circulation and 
a strong predictor of acute mortality [7,8].

According to a study looking at data from the 
National Registry of Cardiopulmonary Resuscitation 
(NRCPR), the average survival-to-hospital discharge 
rate for adults who suffer in-hospital cardiac arrest is 
17% to 20% and patients tend to overestimate their 
chances of surviving arrest by, on average, 60.4%. 
While another study utilizing data from the nation
wide inpatient sample (NIS) concluded the overall 
survival rate after in-hospital cardiac arrest for non- 
adult patients was 30.4%. (8) Although the overall 
return of spontaneous circulation (ROSC) after in- 
hospital cardiac arrest can be as high as 50%, hospital 
discharge rates are much lower.

Get with the Guidelines-Resuscitation (GWTG-R) 
is a data registry and a comprehensive program for 
supporting quality in-hospital resuscitation, including 
a library of tools and resources to help improve 
processes and maximize effectiveness. GWTG-R facil
itates the efficient capture, analysis, and reporting of 
data that empowers and supports the implementation 
of current guidelines, creation, and dissemination of 
new knowledge, and development of next-generation, 
evidence-based practice in resuscitation science.

Survival of in-hospital cardiac arrest (IHCA) has 
been increasing over the last two decades, and in 
2017, survival to hospital discharge was 25% in the 
GWTG-R registry. Based on data from the GWTG-R 
registry, the mean age of patients with in-hospital 
cardiac arrest in the USA is 66 years, 58% are men, 
and the presenting rhythm is most often (81%) non- 
shockable (i.e., asystole or pulseless electrical activ
ity). Important characteristics related to outcome 

after in-hospital cardiac arrest (IHCA) are age, race, 
significant baseline comorbidities, location of cardiac 
arrest, duration of cardiac arrest, and presenting 
rhythms.

Increased age is associated with decreased survival 
following cardiac arrest in most studies, especially for 
patients older than 70 years [9]. Studies that investi
gated the relationship between race and outcomes 
have found African American and Hispanic patients 
have lower rates of neurological recovery and survival 
following in-hospital cardiac arrest compared to 
Caucasian patients [10].

Factors related to early detection of cardiac arrests, 
such as the event being witnessed or occurring in 
a monitored location, are associated with improved 
outcomes [11,12].

The chance of 30-day survival markedly decreases 
with the increasing duration of CPR [13].

Two of the factors most strongly associated with 
outcomes are the presenting rhythm and the duration 
of the cardiac arrest. Patients with a shockable 
rhythm have a 2 to 3 times higher survival to hospital 
discharge compared with patients with a non- 
shockable rhythm [14]. (Figure 1).

Approximately half of the in-hospital cardiac 
arrests occur inwards, with the remaining half occur
ring in other locations, such as intensive care units 
(ICU) and operating rooms. Of patients with the 
arrest in the ICU, the adjusted mean survival to 
discharge is reported to be high, compared with the 
unmonitored wards and telemetry wards [12,15].

Many times clinicians and health care profes
sionals are challenged with a question regarding the 
appropriate time to call off the code and frequently 
enough, families and care-takers of the patient look to 
the health care provider for objective data that can 
help them reach a decision for their loved one. To 
our knowledge, very scarce data are available to 
address this delicate issue, and often, health care 

Figure 1. Comparison of survival percentage based on initial rhythm at the time of cardiac arrest in hospitalized patients [14].
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providers are compelled to rely only on subjective 
factors while trying to come up with the best possible 
answers.

2. Objectives

In our study, we aimed to compare the CPR outcome 
data from our hospital to the data from GWTG-R to 
set the current baseline and use the comparisons to 
help us improve the IHCA care in our hospital. 
Additionally, we sought to determine if CPR changed 
the survival and clinical outcome of patients when it 
was extended beyond 20 minutes duration. 
Comparing the difference in survival and clinical 
outcome at different levels of care (ICU vs. non- 
ICU) after IHCA was a secondary objective of our 
study.

3. Methods

3.1. Subject selection

A list of 801 patients with the diagnosis of cardiac 
arrest admitted to Abington Hospital from 
1 January 2016 to 31 December 2018, was obtained 
from the Information Technology department. The 
inclusion and exclusion criteria listed in Table 1 were 
used to select patients for the study.

3.2. Data collection

A retrospective chart review was performed to com
plete the data collection for all subjects included in 
the study. Data collection was divided into two 
parts: 1) patent’s baseline pre-arrest characteristics, 
including age, sex, comorbidities, and location of 
cardiac arrest, and 2) events related to the cardiac 
arrest, including duration, rhythm, the return of 
spontaneous circulation (ROSC), and subsequent sur
vival. The study was approved by the institutional 
review board (IRB) of Abington Memorial Hospital. 
To maintain anonymity, patients were assigned 
a unique study identification number. The medical 
information gathered during the study was treated 
confidentially.

3.3. Statistical analysis

Data were summarized using descriptive statistics 
such as mean, standard deviations, medians, and 
frequencies. Inferential statistics such as t-test and 
chi-square analyses will be performed where appro
priate. All p-values will be two-tailed, and a level of 
<0.05 will be considered significant. Data were ana
lyzed using IBM SPSS for Windows, version 20.0 
(Armonk, NY: IBM Corp.).

4. Results

A total of 801 patients had a cardiac arrest from 
1 January 2016, to 31 December 2018, and ended 
up in Abington hospital. Of these patients, 417 who 
had a cardiac arrest in the emergency department, 
and 176 patients who had an out of hospital cardiac 
arrest, were excluded from the study. In addition, 39 
patients who had a cardiac arrest for less than five 
minutes were excluded from the study. The remain
ing 169 patients had a cardiac arrest during hospita
lization and were included in the study. (Figure 2)

Of the 169 patients suffering cardiac arrest during 
hospitalization, 44.4% had been arrested in the ICU 
and 55.6% in a non-critical care setting. Return of 
spontaneous circulation (ROSC) was achieved in 60% 
of ICU and 70.2% of non-ICU patients. While only 
20% of ICU patients survived the cardiac arrest, over
all survival for non-ICU patients was 31.9%. Despite 
the significant difference in percentage survival, sur
vival difference did not reach statistical significance 
(p = 0.082) due to the small sample size. (Figure 3)

Amongst the non-ICU patients, survival after 
a cardiac arrest on a telemetry floor was higher 
(30%), compared to a regular general medical floor 
(18.2%). Overall survival was 26.6%. 23.1% of cardiac 
arrests had an initial shockable rhythm. An initial 
shockable rhythm was associated with improved sur
vival compared to a non-shockable rhythm (41% vs. 
22.5%, p = 0.022).

Thirty-eight percent of patients were resuscitated for 
more than 20 minutes. Our data indicate, the duration 
of cardiac arrest significantly impacted the achievement 
of ROSC and subsequent survival to discharge. In 
patients who had cardiac arrest for less than 20 minutes, 
60.9% of patients achieved ROSC, compared to 37.9% 
who arrested for more than 20 minutes. Survival to 
hospital discharge was significantly lower for patients 
who had cardiac arrest for more than 20 minutes, 
compared to patients who were arrested for less than 
20 minutes (3.1% vs. 41.3%, p = <0.0001). (Figure 4)

For patients who had a cardiac arrest for more 
than 30 minutes, ROSC was achieved in only 14.8% 
of patients. None of these patients survived to be 
discharged from the hospital (p = <0.0001). The 
mean age for the patients in this study was 70 years. 

Table 1. Selection criteria.
inclusion criteria:

(1) cardiac arrest during hospitalization

(1) cardiopulmonary resuscitation (CPR) for cardiac arrest

(1) CPR for more than 5 minutes

exclusion criteria:
(1) age < 18 yrs.

(1) cardiac arrest in the emergency department

(1) out of hospital cardiac arrest
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52.6% of subjects were male, and 47.4% were females. 
Age has been documented to be one of the strongest 
bias to call off the code, but in our study, older age 
was not related to shorter duration of CPR (Pearson 
correlation: 0.030, p = 0.69).

5. Discussion

Successful treatment of IHCA requires the rapid 
implementation of several processes of care within 
a short and defined period. Our study looked at 
variables such as duration and location of cardiac 
arrest and their impact on survival after IHCA. 
There are no current recommendations or guidelines 

issued by the American Heart Aassociation (AHA) 
regarding discontinuation of CPR after in-hospital 
cardiac arrest. Health care providers leading the 
CPR team are considered the decision-makers in 
this regard. Many factors, including the patient’s 
age, comorbidities, previous cardiac arrest, family’s 
wishes, and duration of CPR, play a significant role 
in determining the timing of calling off the code. 
Despite the lack of guidelines, the duration of cardiac 
arrest is one of the most significant determinants of 
when to stop the resuscitation efforts. We categorized 
the in-hospital cardiac arrest (IHCA) patients in three 
categories based on the duration of cardiac arrest: 
<20 minutes, >20 minutes, and >30 minutes. Our 

417

176

39

169

Subject Inclusion and Exclusion

ER arrest OOH arrest Arrest for < 5 minutes Patients included in the study

Figure 2. Demonstrating the inclusion and exclusion of subjects based on the above-mentioned criteria. (ER = Emergency room, 
OOH = out of hospital cardiac arrest).
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Figure 3. ROSC and Survival comparison between ICU and Non-ICU patients. (ROSC = return of spontaneous circulation, 
ICU = intensive care unit) (p = 0.082).
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data support the previous data indicating lower sur
vival with longer CPR. To the best of our knowledge, 
there are very little categorical data looking at survi
val after a specific duration of cardiac arrest. 
A significant decline in terms of survival is noted 
when we extend CPR beyond 20 minutes. Our hos
pital’s overall survival rate after IHCA seems to be 
similar to (26%), the previously by AHA (24%) [12].

There is no data available at this time to compare 
the in-hospital survival percentage when we extend 
CPR beyond 20 minutes. Extending CPR beyond 
30 minutes lowered the survival percentage even 
more. In our study, age was not related to a shorter 
duration of CPR, as documented in previous studies 
[15]. Subgroup analysis of the data showed that the 
chances of survival for patients older than 70 years 
are very low when CPR duration was more than 
20 minutes.

The location of the patient at the time of in- 
hospital cardiac arrest (IHCA) also has a significant 
impact on the survival outcome. Previous large data
base study done using ‘Get with The Guideline- 
Resuscitation’ (GWTG-R) showed better survival for 
telemetry patients, compared to non-telemetry 
patients [12]. Our data also suggested lower survival 
for patients who are on the non-telemetry floor. Non- 
ICU telemetry floor has the highest survival percen
tage, followed by ICU patients. Lower survival on the 
non-telemetry floor is most likely related to delay in 
the detection of cardiac arrest (unwitnessed arrest), 
inability to implement timely and effective resuscita
tion, poor staff training in CPR, etc.

We propose that greater advances in IHCA survi
val might be realized with careful attention to the 
assignment of patient location for individuals at risk 
for catastrophic events such as cardiac arrest. 

Identifying the patient most at risk for decompensat
ing is a complex task, and given limitations in 
resource allocation, it is not feasible to place all 
patients in critical care beds. However, our findings 
indicate that patients who suffer IHCA survive at 
higher rates in monitored settings (ICU and teleme
try units). Preventing IHCA will always be the better 
alternative for improving overall patient health out
comes; however, placing at-risk patients with a high 
likelihood for IHCA in monitored settings may con
tribute to furthering the already observed trends in 
improved survival after IHCA. Further study to iden
tify these individuals at risk for IHCA will potentially 
contribute to improved outcomes or, better yet, pre
vention of IHCA. Finally, observational studies have 
shown that longer duration of participation in the 
GWTG-R registry is associated with both improved 
qualities of care [16].

Our study has several limitations. It was 
a retrospective chart review performed at a single 
site. It has a small sample size for a subgroup analysis. 
Since our hospital does not participate in GWTG-R, 
we do not have the most recent regional/national data 
for comparison. Finally, cardiac arrests in the emer
gency room were not included and it may be difficult 
to compare the results with previous studies.

6. Conclusion

The optimal duration of CPR remains an unclear 
area, but in a relatively old and selected population, 
extending CPR beyond twenty minutes may be clini
cally futile. Large studies with subgroup analysis 
directed at the duration of CPR and its effect on 
survival may be needed to further guide in this 

60.90%

41.30%
37.90%

3.10%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

lavivruSCSOR

E�ect of duration of CPR on ROSC and 
Survival

CPR <20 minutes CPR > 20 minutes

Figure 4. Relationship of the duration of CPR with ROSC and survival. (CPR = Cardiopulmonary resuscitation, ROSC = Return of 
spontaneous circulation) (p < 0.0001).
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regard. The lower survival after a cardiac arrest on 
the general medical floor, compared to telemetry and 
ICU, may be related to delay in recognizing cardiac 
arrest and barriers in implementing standardized 
ACLS protocol. Hospital-based quality improvement 
projects to address those barriers and improvement 
in patient’s triage to telemetry or non-telemetry floor 
may improve the clinical outcome. Understanding 
who is at the highest risk for IHCA and placing 
those individuals in the best setting for high-level 
resuscitation is of utmost importance. Further work 
identifying the patient-level predictors of cardiac 
arrest and factors that most contribute to improved 
outcomes will be valuable in helping providers and 
hospitals implement systems to prevent IHCA when 
possible and improve results when inevitable.
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